gamma-Glutamylcysteine synthetase and GSH increase in quinone-induced oxidative stress in BPAEC.
Glutathione (GSH), an important physiological antioxidant, is synthesized de novo by the sequential reactions of gamma-glutamylcysteine synthetase (gamma GCS) and GSH synthetase. In the present studies, incubation with the quinones 2,3-dimethoxy-1,4-naphthoquinone (DMNQ) and menadione (MQ), which generate superoxide and hydrogen peroxide, was used to investigate GSH synthesis in bovine pulmonary artery endothelial cells under oxidative stress. MQ can also cause initial depletion of GSH through conjugation, whereas DMNQ cannot. during continuous exposure to DMNQ (5 or 10 microM), elevation of GSH by DMNQ started after 6 h, almost doubled after 24 h, and remained at this level to 48 h. The elevation of GSH by DMNQ was mostly in the reduced form, and the ratio of reduced to oxidized glutathione remained unchanged for the first 24 h. Treatment with MQ (25 or 50 microM) for 30 min caused a significant decrease in GSH and total glutathione. After changing the medium to remove any residual MQ, GSH content doubled during the next 12 h. The enzymatic activity of gamma GCS, the rate-limiting enzyme of GSH biosynthesis, increased twofold after 12 h of exposure of cells to either 5 microM DMNQ or 50 microM MQ. Both DMNQ and MQ treatment caused concentration- and time-dependent increases in gamma GCS-mRNA expression. The elevation of gamma GCS-mRNA content by DMNQ for 12 h was completely blocked by coincubation with 0.05 microgram/ml actinomycin D but not 0.5 microgram/ml cycloheximide, suggesting the elevation of gamma GCS-mRNA content occurred through increased transcription. Our results suggest that increased de novo GSH synthesis, mediated by an elevation in gamma GCS, constitutes an adaptive response to oxidative stress.